Social sector expenditure in India captures a number of important aspects including health, nutrition, education, water supply, sanitation, housing and welfare, among others. Over a period of time, besides budgetary outlay on this sector, private sector has also played a considerable role. Thus, efficiency of expenditure in this sector by state government has to be reckoned both in terms of relative levels of various aspects across the states and in terms of comparable benchmarks for different aspects of the sector. This paper attempts an analysis of social sector efficiency focusing on two major aspects: health and education. Unlike other studies on the Indian context, this analysis focusing on major states in India uses both non-parametric and parametric approaches. Although both approaches provide benchmarks to judge relative efficiency across states, the former provides a yardstick more at an aggregative level without parametric restrictions, whereas the latter is used for major focus on health care aspects. Results of free disposal hull analysis are suggestive of a considerably more scope for improvement in efficiency of public expenditure in health relative to education. Our results of stochastic frontier analysis indicate considerable state level disparities which could be reduced through a mix of strategies involving reallocation of factors (namely, manpower and supply of consumables) within the sector, mobilizing additional resources possibly through enhanced budgetary emphasis, or encouraging more private sector participation. Based on our results, this may enhance efficiency by nearly 20% in health care sector and increase availability and equity across low performing and poorer states like Madhya Pradesh and Uttar Pradesh.
Introduction
Social sector comprises an important item in the state budgetary expenditure. It has remained around 5.8% of gross domestic product and its share in total state expenditure has varied between 36.8 (in 1990-1995) to 39.2% (2010-2011) . 1 Within social sector, major chunk (nearly 57%) is being spent on education, sports, art and culture (46.1%) and medical and public health (10.5%). The other items which include: family welfare and water supply and sanitation, housing, urban development, welfare of scheduled castes, scheduled tribes and other backward castes, labour and labour welfare, social security and welfare, nutrition, natural calamities and the rest, comprise a low percentage which varies from 1.3% (natural calamities) to 9.6% (social security and welfare) of total social sector. It becomes pertinent therefore to analyse whether the major expenditure sectors like health and education are performing satisfying the criteria of efficiency. Several approaches for measuring the efficiency of government expenditure have been proposed in the literature. 2 In general, these approaches are broadly of four types. First, studies which have concentrated on gauging and enhancing efficiency by focusing on certain types of government spending in a specific country. Secondly, those only which use data on inputs of government spending in quantitative terms, but not on outputs. Third, those using only outputs, but not inputs. Finally, those which have looked at both inputs and outputs; these studies, however, have not made a consistent comparison of the efficiency of government spending among countries. [3] [4] [5] [6] These studies do not explicitly analyze the relationship between government spending and social indicators. Within each of the approaches, however, one may distinguish the studies which have focussed only on developed country (or countries) or only on developing country (or countries) and further in terms of their interest in education and health sector also. Thus, the issue of gauging and enhancing government efficiency continues to interest policymakers and researchers alike. 2, [7] [8] [9] This interest received a boost with the initiation of wide-ranging institutional reforms by some of the developed nations [10] [11] [12] which aimed at improving the efficiency of the public sector. These reforms basically were to separate policy formulation from policy implementation, create competition between government agencies and between government agencies and private firms, and develop output-oriented budgets using a wide array of output indicators. This practice of result-oriented public expenditure management has generated a wealth of information on how to control production processes within the government and how to enhance their efficiency.
Pertaining to education sector, for instance, there are certain studies which analyse both inputs and outputs. For instance, Harbison and Hanushek 13 provide an overview of 187 studies of education production functions in the United States and 96 studies of education production functions in developing countries and investigate the relation between education inputs and outputs. Another type of analysis, for instance by Tanzi and Schuknecht 14 assesses the incremental impact of public spending on social and economic indicators in industrial countries and conclude that higher public spending does not significantly improve social welfare. In most studies of developing countries, it is found that teacher education, teacher experience, and the availability of facilities have a positive and significant impact on education output, and that the effect of expenditure per pupil is significant in half the studies; the pupil-teacher ratio and teacher salary have no discernible impact on education output. Likewise, Jimenez and Lockheed 15 also assess the relative efficiency of public and private educations in several developing countries by taking into account both inputs and outputs. In regard to health care sector, for instance, among developed nations, using regression analysis and focusing on inputs, a study of OECD member countries covering 20 years analyzed the efficiency of health care systems. They show that public-reimbursement health systems, which combine private provision with public financing, are associated with lower public health expenditures and higher efficiency than publicly managed and financed health care systems. 16 This is traced by looking at factors associated with a high relatively expensive in-patient care and the lack of a mechanism to restrain demand for special- ized health care. Countries without ceilings on in-patient care were also found to have higher public health expenditure. A number of studies have laid emphasis on the overall health system performance and its impact on health outcomes. 17, 18 More often an idealized yardstick is developed which is used to evaluate economic performance of health system. There are a number of studies in health care sector which employ either non-parametric approaches like free disposable hull (FDH) or data envelopment analysis (DEA) or parametric approaches like stochastic frontier analysis (SFA).
In the former category with a focus on developed world one may include, for instance, Aubyn 19 who used FDH covering both the health and education sectors in Portugal, Hofmarcher and colleagues 20 for an Austrian province, Puig-Junoy and Gannon 21, 22 for Ireland, Magnussen 23 for Norway, Jeffrey and Coppola 24 relating to USA, Bates and colleagues 25 for the USA, Kontodimopoulos and colleagues 26 for Greek hospitals, and Spinks and Hollingsworth 27 for OECD countries. Likewise, with a focus on developing nations some notable studies include a report on district hospitals in Namibia, 28 37 Worthington, 38 Jamison and colleagues, 39 and Salomon and others 40 relating to inter country comparison, Schmacker and colleagues 41 relating to USA, Evans and others 42 for a cross country comparison and Greene, 43 Farsi and others 44 relating to Switzerland, Wang and others 45 for New South Wales, Kris and others4 6, 47 9,54-56 These latter types of studies have deployed frontier efficiency measurement techniques which involve a production possibility frontier depicting a locus of potentially technical efficient output combination that an organization or health system is capable of producing at a point of time. An output combination below this frontier is termed as technically inefficient. [57] [58] [59] Despite its nascent nature of application in healthcare sector, an exhaustive review of studies applying these methods has been attempted which provides us in detail the steps and empirical problems that have been highlighted by researchers. 38, 60 Notably there are very few studies in the developing countries' context and except a few particularly in the Indian context, which have focused on this aspect; the literature is nearly marked by absence for recent period. Our study thus covers this gap for India for the latest period.
Hypothesis and objective
We hypothesize that States differ in their technical efficiency pertaining to health and education systems due to factors which require emphasis in facility planning in these sectors. 9, 53 It is also hypothesized that these factors differ from State to State according to their level of development. 9 It is presumed that estimated efficiency parameters (from both types of analysis, i.e. non-parametric and parametric approaches) should help the health and education policy makers to improve State level system performance pertaining to these sectors.
Materials and Methods
Non-parametric approach: free disposable hull
In this paper we use two types of techniques, namely non-parametric and parametric, that allow for a direct measurement of the relative efficiency of government spending among countries or states within a nation. In the former type we apply FDH analysis which assesses the relative efficiency of production units in a market environment. This analysis consists of, first, establishing the production possibility frontier representing a combination of best-observed production results within the sample of observations (the best practices), and, second, measuring the relative inefficiency of producers inside the production possibility frontier by the distance from the frontier. The major advantages of FDH analysis are that it imposes only weak restrictions on the production technology, while allowing for a comparison of efficiency levels among producers. The only assumption made is that inputs and/or outputs can be freely disposed of, so that it is possible with the same production technology to lower outputs while maintaining the level of inputs and to increase the inputs while maintaining outputs at the same level. This assumption guarantees the existence of a continuous FDH, or production possibility frontier, for any sample of production results. Thus, FDH analysis provides an intuitive tool that can be used to identify best practices in government spending and to assess how governments are faring in comparison with these best practices. [61] [62] [63] In our analysis using FDH, the term producer is meant to include governments. A producer is relatively inefficient if another producer uses less input to generate as much or more output. A producer is relatively efficient if there is no other producer that uses less input to generate as much or more output. In the Appendix and Appendix Figures A and B, this is illustrated for the case of one input and one output. If a producer is engaged in the production of multiple outputs using more than one input, it becomes more difficult to establish relative efficiency. In such a situation (of multiple inputs), it is postulated that a producer is relatively inefficient if he uses as much or more of all inputs to generate as much or less of all outputs than all other producer, with at least one input being strictly higher, or one output strictly lower. Depending upon the availability of latest and comparable information, we have applied this technique for data on major and smaller Indian States for education covering different cross sections 
Parametric technique: stochastic frontier method
In the application of parametric techniques, stochastic methods can be used to correct for measurement and other random errors in the estimation of the production possibility frontier. In any parametric techniques a functional form is postulated for the production possibility frontier, and then a set of parameters is selected that best fit the sample data.
Model specification
In the estimation of health system efficiency, our specification is based on a general stochastic frontier model that is presented as:
where: ln q j is the health output [life expectancy (LEXP) or inverse of infant mortality rates (IMR)] produced by a health system j; x is a vector of factor inputs represented by per capita health facilities (including per capita availability of hospital beds, per capita primary health centers (or sub centers), per capita doctors, per capita paramedical staff, per capita skilled attention for birth; v j is the stochastic (white noise) error term; u j is a one-sided error term representing the technical inefficiency of the health system j. Both v j and u j are assumed to be independently and identically distributed with variance s v 2 and s u 2, respectively. From the estimated relationship ln q^j=f (ln x) -u j , the efficient level of health outcome (with zero technical inefficiency) is defined as: ln q * =f (ln x). This implies ln TE j =ln q^j -ln q * =-u j . Hence TE j =e -u j , 0<= e -u j <= 1. If u j =0 it implies e -u j =1. Health system is technically efficient. This implies that technical efficiency of j th health system is a relative measure of its output as a proportion of the corresponding frontier output. A health system is technically efficient if its output level is on the frontier which in turn means that q/q * equals one in value.
Study design: sample and sampling technique
This study uses secondary data published in official documents of government of India and State governments. Applying this data in any empirical study does not require any ethical approval. The study makes use of a purposive sampling and therefore focus is on 15 major Indian States. The purpose is to carry out an analysis which reveals broadly the country's scenario at state level disaggregation. Data used thus are presumed to be authentic and therefore reliable. Validity of the results is thus subject to the reliability of official publications and underlying statistical techniques deployed in the study. For parametric approach, we cover 15 major Indian States [which include Andhra Pradesh (AP), Assam, Bihar, Gujarat Harayana, Karnataka, Kerala, Madhya Pradesh (MP), Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu (TN), Uttar Pradesh (UP), and West Bengal (WB)] and use panel data for 2005-2011. Use of panel data is preferred since it does not require strong assumptions about the error term and unlike the cross section data, the assumption of independence of technical efficiency from factor inputs is not imposed. 64, 65 We extend our estimation to the second stage which presumes that differences in technical efficiency pertaining to health system can be discerned at the health facility (PHCs) 
Results
The results of our FDH analysis for educa- tion and health sector using data for Indian states, both major and smaller ones, are presented below in Figures 1-5 and Tables 1-3 .
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Free disposable hull analysis
It can be observed that for per capita public expenditure on health (in 2001-02), independently efficient states that emerged from FDH for major states are UP, Bihar, Gujarat West Bengal, Maharashtra and Kerala (Figure 1) . Among the smaller states the independently efficient states are Chhatisgarh, Jharkhand, Uttarakhand, Tripura and Manipur (Figure 1) . Likewise, in Figure 2 (for 2004-2005 per capita public expenditure), the situation is somewhat changed for UP whereas other independently efficient states remain the same. Among smaller states a changed situation with lower efficiency is depicted for Tripura only ( Figure  2 ). Free disposable hull for public expenditure in 2008-09 for health sector (Figure 3 ) depict additional states namely WB and Tamil Nadu among independently efficient states ( Figure  3 ) and inclusion and exclusion of Goa and Chhatisgarh respectively in the category of such (independently efficient) states ( Figure  3) . In education sector, using literacy (2011) and public expenditure (2008-09), the states like Bihar, UP, WB, Gujarat, Tamil Nadu. Maharashtra and Kerala (among major states) and Jharkhand, Chhatisgarh, Manipur and Himachal Pradesh (among smaller states) emerge as independently efficient states (Figure 4 ). By and large a similar observation could be made using net enrolment primary in 2008-09 ( Figure 5 ). Using this FDH analysis, input efficiency scores (IES) are presented in Tables 1-3 . It could be observed that there is a range of 7-25% for major states and a scope of nearly 10% for smaller states to improve their input efficiency relative to nearest independently efficient states in 2011 for education sector (Table 1 ). In case of health sector, this range is much higher for some years like 2004-2005 (Table 2 ) and it has been 1-13% for major states and 6-30% for smaller states for the year 2010 (Table 3) .
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Stochastic frontier method
In the application of parametric techniques, stochastic methods can be used to correct for measurement and other random errors in the estimation of the production possibility frontier. In any parametric techniques a functional form is postulated for the production possibility frontier, and then a set of parameters is selected that best fit the sample data. Results of our panel data estimation using frontier model for India (Males and females) are presented in Table 4 . It is observed that all the independent variables to explain LEXP have emerged with appropriate positive signs. Three of these variables, i.e. rural specialists (total specialists), auxiliary nurse midwife (ANM)/female health worker, and total number of blood banks are statistically significant.
Discussion
Results of our FDH analysis are suggestive of a considerably more scope for improvement in efficiency of public expenditure in health relative to education. Further parametric approach of SFA indicates factors that could be isolated to suggest ways to improve efficiency in the public expenditure in the sector. As mentioned ear- 73 Even the budgetary expenditure (as percent to total state budget) is lower in some of these States like Madhya Pradesh but this also holds for some of the relatively better off States like Punjab, Haryana and Maharashtara. 73 Although Kerala does not have the highest figures in terms of either per capita income or budgetary expenditure on health, yet it has an outstanding position in terms of overall literacy which is 90.91percent as per the 2011 census. 73 In contrast, many of the poor and poorly performing States, in terms of life expectancy, have much lower levels of literacy. A similar situation prevails in terms of level of urbanisation in poorer states relative to their counterparts in better off states. 73 Thus, in order to explore such external factors, we used dispersion in efficiency as a dependent variable in the second stage of our regression exercise using panel data for the state level. These are presented in the Appendix and Appendix Table A. The positive sign of per capita income indicates the impact of inequality in income across states influencing the inequality in health outcomes towards greater disparities. The negative sign of gross enrolment indicates that an increased level of awareness about health related facilities and issues have helped to reduce regional disparity in efficiency of health system across states. However, this has not been able to compensate for other deficiencies of low investments and poor utilization of existing heath care facilities.
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Conclusions
Results of our FDH analysis are suggestive of a considerably better scope for improvement in efficiency of public expenditure in health relative to education. Further parametric approach of SFA applied for health care sector indicates factors that could be isolated to suggest ways to improve efficiency in the public expenditure in the sector. The results of the frontier model, using panel data for 15 major Indian States in the years 2005-2011, indicate that the efficiency of public health delivery system remains low. Considerable disparities across States in terms of per capita availability and utilization of hospitals, beds and manpower inputs has had an adverse impact on improving the life expectancy in the poorer States. Overcoming these factoral disparities within the health system may lead to an improvement in the State level efficiency of the public health system. This may also help to improve life expectancy speedily and more equitably in the poorly performing States of Madhya Pradesh and Uttar Pradesh possibly as much as by 20%. However, this has to be supported with other adequate infrastructure facilities like more budgetary expenditure to improve availability of medicines and materials at rural facilities and better management of health personnel in the rural areas to ensure their adequate utilisation. Learning from the remarkable achievements of Kerala, an emphasis on literacy by reducing dropout rates along with better utilization of health infrastructure and manpower resources could go a long way in improving life expectancy. This may require a considerable re-orientation of current healthcare set-up, particularly in the rural areas in the poorly performing States. These could reallocate surplus manpower from within and also make the rural infrastructure more useful to the needy through adequate inputs of building, equipment and medicines. In fact, there is a considerable differential in budgetary expenditure per capita between better off and poorer States. This in turn reduces the availability of basic medicines and materials in the public health system and reduces its reliability for the poor making them more dependent on the costlier private sector. Part of this problem could be tackled through funds from National Rural Health Mission and also by improving rural sanitation in poorer States. The results also suggest lack of appropriate links and coordination between economic and social sector policies leading to sub-optimal health outcomes for the poorer States in the country. Our results of SFA for 2005-2011 corroborate the analysis for earlier periods from other studies like Sankar and Vinish 53 and Purohit. 
